Background--The value of thrombophilia test acquisition in improving risk prediction beyond clinical presentation remains unknown. We investigated the effect of thrombophilia test acquisition on venous thromboembolism (VTE) outcomes.
V enous thromboembolism (VTE), including deep-vein thrombosis and pulmonary embolism, affects 300 000 to 600 000 individuals annually in the United States. 1 Patients with VTE are at increased risk for future thromboembolism, with recurrence rates as high as 30% at 10 years. 2, 3 Anticoagulants serve as the backbone of VTE therapy to prevent thromboembolism progression and recurrence. [4] [5] [6] [7] According to current guidelines, the duration of anticoagulant therapy depends on the identification of a provoking factor. VTE events in patients without instigating factors are labeled as unprovoked, and prolonged treatment (eg, >6 months) is suggested. 5 The failure to identify a VTE precipitant may indicate the possibility of an underlying predisposition to thrombosis, also known as thrombophilia.
Thrombophilia testing is used to identify factors that contribute to a VTE event, to refine the estimated risk of recurrent VTE, and to guide decision-making regarding the duration of anticoagulant therapy in patients without an instigating factor. 8, 9 Currently, there is no consensus concerning the value of thrombophilia testing in VTE, and its use in clinical practice is highly variable. Indeed, thrombophilia testing is commonly obtained in the absence of an indication, ordered in the setting of anticoagulation, and frequently not repeated for confirmation. 10 Consequently, the usefulness of discretionary thrombophilia testing in current clinical practice to predict recurrence and direct treatment beyond clinical presentation remains unknown. [10] [11] [12] [13] [14] [15] [16] Accordingly, we performed a retrospective analysis of all patients diagnosed with VTE during a 15-year period in a tertiary care medical center to investigate the effect of discretionary testing for thrombophilia in an unrestricted environment. We did not study the test characteristics of any individual thrombophilia test. We hypothesized that unrestricted thrombophilia testing would not be associated with improved clinical outcomes for tested participants compared with matched control participants who did not undergo thrombophilia testing.
Methods
Anonymized data that support the findings of this study are available from the corresponding author on reasonable request.
Study Design Statement and Setting
We performed a retrospective cohort study of adult patients with a first diagnosis of VTE at Vanderbilt University Medical Center (VUMC) between September 2001 and May 2016. This study was approved by the institutional review board of Vanderbilt University and exempted from the requirement for informed consent.
Participants
Patients were identified from electronic health records using combinations of International Classification of Diseases, Ninth Revision (ICD-9) codes for deep-vein thrombosis and acute pulmonary embolism 17 ; Current Procedural Terminology (CPT) codes for relevant diagnostic imaging; and anticoagulant use (Table S1 ). Inclusion in the final cohort required all of the following criteria: qualifying ICD-9 diagnosis code, qualifying CPT code, and anticoagulant use between 1 and 12 months after the date of the initial diagnosis code. The delayed timing of the anticoagulant use requirement was to avoid inclusion of patients who received prophylactic anticoagulants during hospitalization without evidence of a VTE by imaging study. Inclusion criteria were validated by physician review of a sample of records, with >90% of patients meeting the aforementioned criteria having documentation of VTE in the electronic health record. From those included, tested participants were defined as those who had undergone some or all of the following testing for thrombophilia: lupus anticoagulant, anticardiolipin antibodies, b2-glycoprotein antibodies, antithrombin deficiency, factor V Leiden, and protein C and S activity. Based on local laboratory practices, these assays are grouped as a thrombophilia panel, although components may be ordered individually. The prothrombin 20210 gene polymorphism is not routinely included in the local thrombophilia testing panel and was excluded from this analysis. There was no maximum or minimum time limit between VTE event and subsequent testing, which reflects real-world practice. Untested control participants were defined as patients with VTE who did not undergo any of the aforementioned testing. Tested and untested participants were matched in a 1:1 manner using propensity score matching to reduce risk of bias caused by confounding variables that may have disposed participants to having been tested for thrombophilia. 18 Variables Recurrent events were defined by presence of a qualifying ICD-9 diagnosis code and a qualifying CPT code at least 1 month after the initial VTE event. This 1-month time period and the requirement for a new imaging study were implemented to reduce the chance of incorrectly attributing codes referring to the index VTE event as recurrent events. Longterm anticoagulation use was defined as use of warfarin, dabigatran, apixaban, rivaroxaban, dalteparin, or enoxaparin for at least 12 months following the index VTE event. The 12month period was chosen because guidelines define a
Clinical Perspective
What Is New?
• Discretionary testing for thrombophilia was associated with a higher risk of recurrent venous thromboembolism, longer duration of anticoagulation, lower risk of death, and no difference in bleeding-related hospitalization compared with matched untested participants, but the results of testing did not identify patients at increased risk of clinical or treatment-related outcomes. • The presence of cancer exerts an outsize effect on the risk of death after venous thromboembolism.
What Are the Clinical Implications?
• The decision to perform thrombophilia testing, rather than the test result, is associated with a high risk for recurrent venous thromboembolism despite a greater likelihood of long-duration anticoagulation. • The results of discretionary testing do not provide additional prognostic information when performed in inappropriate settings.
standard treatment period as 3 to 6 months. 5, 19 Bleeding events were defined using an adaptation of a previously validated algorithm for bleeding-related hospitalization. 20 Provoked events were defined as the presence of ≥1 of the following conditions: hospitalization (medical or surgical) within 90 days of VTE, leg trauma within 90 days of VTE, preexisting thrombophilia diagnosis preceding the index event, and malignancy.
Data Collection
Data were obtained from the Research Derivative, a clinical research database derived from the VUMC electronic health records. The Research Derivative contains patient data generated during clinical care including demographics, billing and procedure codes, clinical notes and documentation (eg, problem lists, procedural reports), medication data, laboratory data, death data, and encounter and visit data. The last year of our study data collection overlapped with a transition to ICD-10 coding; accordingly, a feature in this research database allows cross-over between equivalent ICD-9 and ICD-10 codes.
Statistical Analysis
Comparisons between case and control subjects were made using the Wilcoxon rank sum test for continuous variables and the Pearson v 2 test for categorical variables. P<0.05 was considered to be significant. A propensity model was fitted to the probability of being classified as a case (ie, having thrombophilia testing). Clinical variables used in the model were age, race, sex, body mass index, malignant disease, unstable cardiac disease, HIV status, hepatic failure, pregnancy, hypertension, chronic coronary disease, chronic cerebrovascular disease, diabetes mellitus, heart failure, and smoking status. These variables were identified using ICD-9 codes and electronic health record demographic data. ICD-9 definitions are presented in Table S1 . We calculated the empirical difference between the quartile-quartile functions of the tested and untested participants after matching to show the balance between the groups after matching. The relative importance of each variable to the propensity score was calculated using a v 2 minus degree of freedom statistic. The primary analysis included all participants, including those with a malignancy diagnosis, and sensitivity analyses excluding subjects with malignancy were performed. 21 Subgroup analyses were performed to investigate outcomes among participants depending on the results of thrombophilia testing (normal or abnormal) and provoked versus unprovoked index VTE event status. The log-rank test was used to compare curves for survival analysis, and subjects without observed events during the study period were censored at the last follow-up date (March 22, 2017). Multivariable analysis was also performed to investigate the effect of baseline characteristics including age, sex, and era on the outcomes of interest. Survival, logistic regression, and ordinal logistic regression were performed to compare the 2 groups on the outcomes of interest adjusting for prespecified covariates. For continuous covariates, spline was used to capture the nonlinear relationship.
Results
We identified 3590 unique patients who met our inclusion criteria ( Figure S1 ). The number of patients meeting inclusion criteria per year increased over time from 2002 to 2008 and remained steady thereafter ( Figure S2 ). The number of patients with thrombophilia testing remained between 100 and 200 tests annually until the medical center began discouraging testing in 2014 and ultimately prohibited inhospital thrombophilia testing at the end of 2015. The mean time from index VTE event to the most recent healthcare contact was 29.6 months (SD: 38.9 months). Within the whole population, 793 patients underwent thrombophilia testing. Subjects who underwent testing were younger and less likely to be male, to have hypertension, to have chronic coronary disease, and to have a malignancy ( Table 1) . Among all patients, those who were tested were more likely to have a recurrent VTE event (45.3% versus 25.4%, P<0.001) and to receive extended anticoagulation at 12 months (52.8% versus 34.5%, P<0.001) but less likely to die (15.0% versus 34.1%, P<0.001) compared with untested patients ( Table 2 and Figure 1 ). There was no difference in bleeding-related hospitalization (11.2% versus 10.3%, P=0.45) between groups.
Propensity-Matched Groups
Because of the imbalance in risk factors for recurrent events, anticoagulation use, and mortality, we used propensity matching to account for these factors. Age, sex, and body mass index were the most significant contributing variables to the propensity model ( Figure S3 ). There were 747 patients with VTE who underwent thrombophilia testing and were propensity matched to a control participant with VTE who did not have thrombophilia testing ( Figure S1 ). The postmatching improvement in the balance of clinical characteristics of tested and control subjects is shown in Table S2 . Among propensity-matched participants, those who were tested were more likely to have a recurrent VTE event (46.1% versus 28.5%, P<0.001) and to receive extended anticoagulation at 12 months (53.9% versus 37.1%, P<0.001) but less likely to die (14.1% versus 25.7%, P<0.001) compared with untested participants. There was no difference in the bleeding-related hospitalization (11.4% versus 11.8%, P=0.81) between groups (Table 3 ).
Propensity Matching Without Malignancy
Thrombophilia testing is not recommended for patients with malignancy. Accordingly, we next evaluated the propensitymatched groups after excluding participants with malignancy. Baseline characteristics before matching are shown in Table S3 . There were 536 participants with VTE without malignancy who underwent thrombophilia testing and were propensity matched to a control participant with VTE without malignancy who did not have thrombophilia testing (Table 3) .
Among propensity-matched subjects without malignancy, those who were tested were more likely to have a recurrent VTE event (44.0% versus 25.4%, P<0.001) and to receive extended anticoagulation at 12 months (52.4% versus 41.6%, P<0.001), but there was no difference in mortality (11.4% versus 14.4%, P=0.15) or bleeding-related hospitalization (9.9% versus 10.6%, P=0.69) compared with untested subjects ( Table 3 ).
Impact of Provoked/Unprovoked Status in Propensity-Matched Participants Without Cancer
Among the 1072 patients without malignancy in the propensity matched cohort, 888 (83%) were categorized as having a provoked VTE event and 184 as having an unprovoked VTE. Among propensity-matched subjects without malignancy, those with a provoked VTE were less likely to have a recurrent VTE event (32.7% versus 41.3%, P<0.001), to receive extended anticoagulation at 12 months (41.6% versus 54.9%, P<0.001), and to die (12.3% versus 16.3%, P<0.001) but were more likely to have a bleeding-related hospitalization (10.4% versus 7.6%, P<0.001) compared with patients with an unprovoked VTE (Table S4) .
Among participants with either provoked or unprovoked status in the propensity matched groups, those who underwent testing were more likely to have a recurrent event, extended anticoagulation treatment, and no difference in bleeding-related hospitalizations (Table S5 ). For those with a provoked event, there was no difference in mortality. In the small subgroup of participants with an unprovoked VTE without malignancy, those who underwent testing were less likely to die (10.9% versus 21.7%, P=0.046) compared with participants who were not tested (Table S5 ).
Impact of Testing Results in Propensity-Matched Participants
There were no differences in recurrent VTE events (47.8% versus 44.1%, P=0.13), frequency of extended anticoagulation at 12 months (53.2% versus 54.8%, P=0.51), mortality (12.2% versus 16.1%, P=0.18), and bleeding related hospitalization (11.5% versus 11.3%, P=0.69) among propensity-matched participants by test result (Figure 2 ). These relationships were maintained when patients with malignancy were excluded (Table S6 ).
Sensitivity Analysis and Multivariable Modeling
To investigate the impact of timing on testing, we performed a sensitivity analysis limited to those with thrombophilia testing within the first 180 days of the index VTE event (n=393). There was no change in the outcomes of interest in this sensitivity analysis compared with primary analysis.
Likewise, there was no change to the conclusions when using 3 months instead of 1 month as the "blanking period" before counting a recurrent VTE event. We investigated whether repeated hospitalizations with attendant follow-up studies of chronic deep-vein thrombosis were responsible for differences in recurrent events, but we did not see a significant difference in hospitalizations between the matched tested and untested subjects when using a 1-or 3-month blanking period for repeated hospitalization (P>0.2). Multivariable modeling was performed to assess for significant interaction between the baseline characteristics of age, sex, race, and era (before or after 2008), and there was no significant effect of these baseline characteristics (all P>0.1) on the outcomes of interest. This result suggests that thrombophilia testing has an association with the outcomes that is not completely explained by baseline differences in the tested subjects.
Discussion
We report 3 main observations from this study. First, the clinical decision to perform thrombophilia testing in an unrestricted environment is associated with a higher risk of recurrent VTE despite a greater likelihood of long-duration anticoagulation. Second, the cohort of subjects with unprovoked index events is at higher risk of recurrent VTE events. Third, among patients who underwent testing, the results of thrombophilia testing do not further discriminate within this higher risk cohort. This outcome pattern was maintained when patients with malignancy were excluded. It is notable that excluding malignancy eliminated the difference in mortality, highlighting the particular importance of malignancy in VTE-related death. The effect persisted despite matching on a wide range of clinical features, suggesting that the clinical decision to test captures risk in a way that is incompletely explained by the clinical features and comorbidities used in our model. Bayesian risk assessment is commonly performed in settings of intermediate risk to better discriminate patients who may benefit from treatments that may cause adverse events. Uncommonly, the decision to perform a test, rather than its results, identifies the high-risk group. For example, the Multicenter Unsustained Tachycardia Trial showed that investigators correctly identified high-risk patients with the criteria to undergo electrophysiology studies; however, the results of the electrophysiology studies did not further riskstratify patients, as the 5-year mortality was quite high in both positive and negative study groups. 22 Such instances highlight the complex and integrative nature of clinical decision-making and the value of clinical "gestalt."
The results of this study do not support the value of discretionary thrombophilia testing in subjects with VTE because the results of testing did not aid in clinical decisionmaking. Because recurrent VTE rates were higher in tested patients, regardless of test results, future studies should investigate the decision to perform thrombophilia testing. Understanding the clinical features that lead to testing could define findings or patterns of findings that, when present, identify patients at higher risk for recurrent VTE. Analysis of our propensity-matching model showed that age and malignant disease were the most significant clinical variables associated with testing. Sensitivity analysis limiting testing to the acute setting (within 180 days of the index event) did not alter the outcomes, suggesting that the decision to test at any time is marker of risk. Patient characteristics that are not well captured by our propensity matching may be relevant in this regard, such as frailty, severity of underlying illness, family history of thrombosis, and perceived ability to tolerate or comply with anticoagulation. For now, we believe that the clinical context of the VTE event should guide risk stratification and duration of anticoagulation until the use of testing in the proper setting is studied prospectively. The cost of inappropriate testing is significant, and spurious results from indiscriminate testing may lead to inappropriate therapy. 10, 23, 24 The impact of malignancy on mortality in patients with VTE is clear from clinical trials. Thromboembolism is the secondleading cause of death in cancer patients, and recurrence is common despite anticoagulation. [25] [26] [27] In large randomized direct oral anticoagulant trials in VTE that excluded cancer patients, 12-month mortality was 1% to 3%, whereas 12month mortality in cancer-associated thrombosis was 38% in a study of direct oral anticoagulant versus low-molecularweight heparin. [28] [29] [30] [31] [32] [33] Because current guidelines recommend indefinite anticoagulation for malignancy-associated VTE in patients with active cancer or ongoing anticancer therapy, thrombophilia testing would be unlikely to alter clinical management in this population. 5, 34 However, thrombophilia test acquisition (but not necessarily the results) is associated with a lower risk of death in participants with malignancy. We surmise that testing is less likely to be performed in patients with advanced stages of cancer, but further investigation of this observation is warranted.
The results of our study should be interpreted within the limitations of its design. Although we refined our definition of VTE events by using the presence of imaging studies and anticoagulant therapy to refine identification by ICD-9 codes, there may have been incomplete ascertainment and/or misclassification of cases and controls. 35 Given the retrospective design, we cannot exclude residual confounding from factors (eg, those discussed earlier) not included in the propensity model. We considered that detected recurrent events may have been higher in the tested population because of longer follow-up in our system. However, >90% of events occurred by 18 months. Our study had a high percentage of provoked VTE, which limits interpretation of the results from the smaller number of patients with unprovoked VTE. This limitation may reflect VTE events occurring before hospital arrival being incorrectly deemed provoked if diagnostic imaging was performed after the admission order. However, such misclassification would be expected to occur with roughly the same frequency in both tested cases and untested controls. The small number of patients with unprovoked VTE in our cohort suggests a high rate of inappropriate testing. As a single-center study, outcomes outside of our medical center may be incompletely ascertained; index events may have occurred before 2002, rendering some early events as recurrent; VTE events outside of our medical center may not be recorded correctly; and VTE events may have occurred at other medical centers. Although we classified thrombophilia testing as either normal or abnormal, further investigation is needed to determine whether components of the thrombophilia workup, when tested prospectively in the right setting, may be predictive of outcomes and provide information to substantiate continuation or cessation of anticoagulation.
The rate of abnormal results may also reflect false-positive results related to the testing of inpatients during the acute event or later when patients are treated with anticoagulants at the time of testing. Furthermore, thrombophilia testing may not have sufficient discriminatory power to aid in risk assessment. As testing improves, by becoming more accurate and removing conditions that affect the test, new tests such as exome sequencing and polygenic risk scores may provide direction and be independent of the timing of test acquisition. 36 Our finding that more than half of testing occurred within 180 days of a VTE event is consistent with the findings of others. 10, 37 It is important to note that this study is not designed to assess the value of any specific component of the thrombophilia panel. The study was performed to assess the impact on outcomes of indiscriminate use of thrombophilia testing by clinicians and their response to the results; therefore, we included all testing, including possible false-positive or inappropriately timed thrombophilia testing, in the analysis to reflect the real-world use of these tests.
Conclusions
The decision to perform thrombophilia testing, rather than the test result, was associated with a high risk of recurrent VTE despite a greater likelihood of long-duration anticoagulation. We cannot draw causal inference, given potential confounding factors in the study of clinical care.
We reinforce the observation that unprovoked VTE events are associated with a higher rate of recurrent VTE events and long-duration anticoagulation. Further investigation is needed to identify the factors used by clinicians in identifying this high-risk cohort. S1. DVT/PE ICD-9 criteria.
Disclosures

ICD-9 Code
Description Deep venous thrombosis 451. 1 Of deep vessels of lower extremities 451. 11 Femoral vein phlebitis 451. 19 Deep phlebitis-leg 451.81
Iliac thrombophlebitis 451. 83 Of deep veins of upper extremities 453. 2 Other inferior vena cava thrombosis 453. 8 Acute venous embolism and thrombosis of other specified veins 453. 9 Venous thrombosis, not otherwise specified 671. 3 Deep phlebothrombosis antepartum 671. 4 Deep phlebothrombosis postpartum 671. 9 Unspecified venous complications 673. 2 Obstetrical blood-clot embolism 673. 24 Obstetrical blood-clot embolism
Pulmonary embolism 415.1
Pulmonary embolism and infarction 415. 11 Iatrogenic pulmonary embolism/infarction 415. 19 Pulmonary embolism/infarction
Qualifying Imaging Study CPT Codes
CPT Code Study Description 71275
CT angiogram of the chest 93568
Pulmonary artery angiogram 78582
Nuclear Medicine V/Q scan of the lungs 93970
Duplex ultrasound extremity veins, complete bilateral 93971
Duplex ultrasound extremity veins, unilateral or limited 75822
Venogram, extremity, bilateral 75820
Venogram, extremity, unilateral
ICD-9 codes for clinical variables
ICD-9 Code Description 140-239
Malignant disease  410, 411, 428.21, 428.23, 428.31, 428.33,  428.41, 428.43, 427 .8, 571.1,070,20, 070.21,070.41, 070 
